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Investigation of badly contaminated paper as a source of secondary fiber 
is an area of growing interest to the paper industry. A process that can 
remove contaminates from high gloss, printed, waxed, and/ or po lycoated spe-
cialty paper is the experimental part of this thesis. 
A brief overview of major factors involved in secondary fiber recycling 
will be discussed, such as economic factors, new demands, and pressures 
placed on the recycling industry. (l, 2 , 3 ) 
Different methods of contaminate removal and deinking techniques are 
discussed with a listing of advantages and disadvantages of each. (The 
methods include principles involved in absorbing ink particles on hydrophobic 
11 (7' .11 ) remova 1 f d 1 ( 9 ' 1 O' 11 ' 12 ' 15 ) d h d 1 · h co ectors, o wax an po y, an an 1ng t e 
problem of other contaiminates such as grease, _wet strength resins, asphalt 
and/or similar materials. (B,l 2 ,l 6 ) Problems caused by synthetic coatings and 
dh . 1 b . f 1 d · d ( 6 ) a es1ves are a so r1e y 1scusse • 
1 . d . k. . 11 b · d 0 3 ) u trason1c e1n 1ng w1 e ment1one . 
The relatively new concept of 
Laboratory methods of testing and 
. (14) evaluating the quality of deinking system is also included. 
The experimental part of this thesis is based on the literature cited, 
and will investigate the efficiency of a combination solvent-aqueous deinking 
method on printed waxed papers. The effeciency will be evaluated by 
brightness measurements and speek analysis, with a brief look at yields. 
1 
2 
FACTORS THAT GOVERN SECONDARY FIBER RECYCLING AND ITS USAGE 
Secondary fiber usages are becoming more important to mills around the 
country as the prices of pulp rise and the availability goes down. Using 
secondary fibers instead of virgin pulp can be an advant a ge to a mi 11 that 
has to expand its pulp mil 1. A recent study shows a deinking plant can be 
built for 1/3 the cost of constructing or exp a nding a pulp mill by 
(3) 
$1OO,OOO/daily ton of output. 
A stable source of raw material is the most important requirement for 
any industry. Shortage can be created by outside pressures and new demands 
·1 bl 1· ( 2 ) A 1 h ld 1 · d bl " h put on avai a e supp iers. recyc er sou a so acquire an esta is a 
permanent source of material to be used in his process. 
Source-separated material is a requirement for any deinking operation 
because clean waste is still necessary for high-quality paper. With this in 
' d . 1 h ld b . 1 . d h . h. h · 1 (1) min, materia s sou e uti ize at t eir ig est economic va ue. 
Low grade paper may have an energy value higher than its recycling value 
to the paper industry. One authority estimates the fuel value at over 
$3O/ton in terms BTU's per dollar, but people in the industry measure it 
along more traditional 1 ines of (2) $8/ton. Secondary fiber recyc 1 ing and 
usage is expected to grow more than ever in the last quarter of this century. 
Problems with contaminates cause many problems in the paper recycling 
industry. The biggest problems are caused by hot melts and pressure-
sensitive adhesives, followed by plastic, non-dispersible inks and latexes. 
These problems will never go away, but must. be better controlled. 
A market must exist, or be created, to use· the recovered fibers. With 
soaring fuel bills, cellulose used as insulation · is a new market. Are as 
where the most recycled fiber is b e ing used are tissu e s, boxbo a rd, and 
3 
toweling. 
Action by the government has given incentive to increase recycling by 
making Federal money available to support research in this area, and also to 
decrease · recycling by insisting on strict water pollution standards. The 
effluent from a mill using recycled fibers is considered to be four times as 
bad as effluent from a mill using virgin pulp. To counteract this, the 
government is changing policies to include its use of more recycled products 
and revising freight rate schedules to make it easier and cheaper to ship 
recycled paper stock. 
The most important thing to remember is, segregation of waste papers 
I 
should be practiced in industry and make publicly known so that waste paper 
can enter the recycling stream at its highest usable value. 
4 
REMOVAL OF WAXES AND POLY-COATS 
New advancements in packaging industries have led to the creation of new 
contaminates to be removed when recycling paper or board. Increasing use of 
these packaging materials has made available a new source of high-grade 
secondary fiber. The contaminates to be delt with are plastic coatings and 
wet strength resins. 
A process that removes various types of plastic coatings, such as 
polyethylene, polyvinylchloride, polyvinylacetate, polypropylene, and wax 
from coated paper and board has been patented by Riverside Paper Corpora-
. ( 9) t1on. Exclusive world-wide licensing rights have been acquired by Black 
Clawson Co. from the Riverside Paper Corp. for its patented process called 
the "polysolv" process. 
Trichlorethylene is ·used to dissolve (10) the coatings in the process. 
This consists of stripping the poly from the coated paper or board. The 
first phase has 3 extraction stages involved. The first extraction is made 
with the dirtiest solvent already used twice. The second extraction is made 
with the solvent from the third stage already used once. In the third 
extraction stage, clean soJvent is used. 
During each stage, the solvent is heated by a heat exchanger to a 
temperature of 240°F and charged to the reaction vessel where the temperature 
0 0 drops to 190 - 205 F. After each stage, the solvent is syphoned out of the 
reactor and after the third stage, the residual solvent is stripped from the 
fibers by steam. 
The recovery of the solvent from the ~xtraction phase includes a 
conventional still with natural circulation heat exchanger operating at 200° 
- 220°F and 6 9 · - ps1g., water cooled condenser, and a refrigerated after-
5 
condenser and finishing still. (lO) 
No. 2 fuel oil is added to the primary still when the residual poly and 
solvent is transfered to the finishing still. After complete distillation in 
the finishing still, the removed poly and fuel oil is dumped into a tank to 
be incenerated or injected into plant boiler to recover the heat value of 
fuel oil. (lO) 
The advantages of the process are listed below: 
1. It is a dry furnish process and recovered fiber is usually in the 
same form as it entered the reactor. 
2. The high temperatures soften wet stre~gth resins, which make 
repulping of reclaimed fiber more efficient. 
3. The exotic coating can be mixed without discrimination, such as 
wax, adhesives, or asphalt. 
4. It is a closed system and there are not air or stream pollution 
problems. 
5. The process is practically 100% efficient in removing poly and 
wax coatings. 
6. Valley beater tests show no strength losses in solvent extracted 
fiber and non-extracted fiber. 
7. If printed on coated side, ink is removed along with coating and 
fiber is ink free unless printed before poly or wax coating is 
applied. 
If unwanted ink is present in waste, the polymer and wax free waste must 
be subjected t•o a conventional de inking system. (B) High groundwood content 
papers along with asphalt coated papers can be considered contaminates along 
with poly and wax coated papers. Asphalt systems do not remove the asphalt, 
-but rather disperses the small pieces of .asphalt throughout the fiber 
( 8) s lur:>:y. 
The Clermont Engineering Co. and the Riverside Paper Corp. have combined 
efforts to collect wax extracts from the polysolv process and produce poly 
pellets, which c ;rn be packaged and sold for re-use. (15) 
6 
HISTORY OF DEINKING 
( 
Deinking attempts were made as far back as 1695 in Denmark, 1744 in 
Gottingen, Germany, 1800 in England, and 1849 in the United ~tates.Cl 7) 
Some early deinking methods used, and some of which are still used are: 
1. Cooking in covered iron-tub hollander beater 
2. Open-tank cooker or vomiting kier 
3. Rotary pressure cookers 
4. The Winestock process 
5. The Becker-partington regenerator 
With the use of the new coatings such as waxes and polycoats for paper 
came the introduction of new contaminates that had to be removed before the 
deinking could begin. This lead to a lack of interest in trying to recycle 
these types of papers until about the late 1950's and early 1960's. A 
process to clean this contaminated paper wasn't economically feasible unti 1 
recent costs for virgin pulp increased. With this came the development of 
contaminant removal with organic solvents. 
7 
THEORY OF DEINKING 
Processes for deinking are mainly laundry processes to remove the 
non-fibrous constituents in waste paper. J. J. Forsythe and C. R. Bragdon 
describes the action of alkaline solutions on printed paper, and considers 
d . k" . f h d · f · k (l?) ein ing operations rom t e stan point o 1n s. 
Alum is neutralized in paper by penetration of the cellulose by alkali. 
Sponification of natural resins and sizing materials on and about the 
cellulose, to some extent ink vehicles, and loosening of ink films is done by 
alkali. Complete removal of ink is done by friction of fiber against each 
other, and to some extent the swelling of the fibers caused by the penetra-
tion of the alkali solution. 
A silicate is used in the deinking cook, along with soaps and other 
chemicals, to disperse, buffer, bleach, soluablize hard water, etc... The 
stock should be soaked and pulped before cooking operations to optimize ink 
pigment dispersion. The main parameters involved are cooking temperature, 







Atmospheric - 5 psi usually 
Helps absorbtion and renews spent chemicals on 
fiber surfaces 
Low density 5-8%; high density 40% 
45 minutes to 2 hours 
Depends on consistency; lower % needed with high 
consistencies 
Water Condition: Soft water preferably 
Elimination o f undesireable material from cooked deink stock and fiber 
source is done by extraction plates, course screening, fine screening, 
8 
centrical force, side hill washers, and flotation. 
Since a clean fiber source will elimate cost of separation and equipment 
damage, it is important to keep broke clean at the source. Because the broke 
used in this experiment is clean, course screening, side hi 11 washing, and 
flotation, are the only separation processes discussed. 
Course screening, in effect, is using screens that will pass only 
fibers. Slots and/or holes are used to collect flakes, fiber bundles, 
coating chunks, wax, or poly balls, and other related materials. A separate 
acid treatment system can be used to pulp the rejects caused from wet 
strength papers if wet strength resin isn't already softened. 
No matter what kind of system is used to separate particles smaller than 
fibers, the charge of the fiber and particles should be taken into considera-
tion. A thesis by Stephen J. Shelton touches on this are by studying effects 
. (18) of Zeta potential on washing stages of newsprint. 
The use of flotation and side hili washing is going to be used in this 
thesis. A brief discussion of both systems and system variables are 
(19) 
discussed in a thesis done by Joseph M. Korepta. 
Consistency is the major variable in sidehill washing. The lower the 
consistency, the cleaner the pulp. Economics of water consumed is a limiting 
factor to the · consistency used, since the water used must be treated and 
effluent concentrated. Counter-current washing, starting with cooking solu-
tion diluted to .5-1% consistency, is used in industry. 
Temperature is a secondary variable which. can effect results in de inking 
processes. A temperature of 30°C is used since the temperature doesn't 
greatly effect side hill washing. 
A small laboratory washer specifically made for WMU by Kalamazoo Tank 
and Silo Co. will simulate the side hill washer although actual dimensions 
would be larger in actual operation. The theory behind this is that fiber 
9 
will roll down the side hill screen to expose more fiber surface to be 
cleaned. The screen should be tilted at 0 0 · an angle of 38 - 45 from the 
horizontal. The ink and some filler will go through the screen and fiber 
will remain. The mesh of the screen will be about 80 - 100. 
The flotation cell operates on the principle of that ink will be carried 
to the surface, scraped off and collected. Industry uses flotation cells in 
sequence to optimize efficiency. 
Temperature of the slurry is 30°C and the consistency is from .5-1%. 
The laboratory eel 1 holds about 75g of pulp with a 15 liter capacity. 
cell is model No. 1, made by Voith (serial No. 15L-1). 
This 
Air is pumped into the bottom of ce 11 to bubble ink to the surface. 
Chemicals can be added to aid in bubble formation, produce froth, assist in 
dispersing, and collecting ink particles. 
groundwood is present in high concentrations. 
Chemicals may be changed if 
Controlling air is the most 
difficult in floating ink particles, not fibers. Much research needs to be 
done in order to find parameters controlling the ink floating. Some of these 
parameters are bubble size, charge on ink particles, charge on fibers, 
temperature, consistency,% of chemical used, and type of chemical used. 
10 
DEINKING METHODS 
A Tappi magazine article by Lyman C. Aldrich, shed new light on deinking 
with solvents. (S) The main focal point was that in order to remove the ink, 
a violent shaking or rubbing action was required to do any good job of 
de inking with sol vents. The idea of a combination solvent-aqueous deinking 
process was suggested in this article, which is the basis for the procedure 
used in the experimental part of this thesis. 
For a look at the procedure and a list of advantages and disadvantages 
of it, one should read the August, 1977 issue of Tappi magazine, pages 114 -
116. 
The majority of deinking systems use conventional washing. Side hi 11 
washers predominates due to their low maintenance cost and low capital 
. (11) investment. Inorganic fillers can be removed and/or controlled as can 
short fibers or fines fractions to a certain extent. Another advantage of 
this system is that it is said to handle a longer variation in wastepaper 
input then the flotation system. 
Chemicals used in the washing system are sodium hydroxide, sodium 
silicate, and ·a surfactant. A bleaching stage may be required in certain 
cases. If waste contains high percentages of groundwood, sodium peroxide or 
hydrogen peroxide in combination with sodium silicate should be used to give 
1 d . l . (11) · ess isco orations. 
Flotation deinking systems have gained slow acceptance in North America 
because of feeling that it produces a pulp of inferior quality to that of 
conventional washing systems. 
Low water consumption and minimal effluent problems, along with advances 
in technology and process control have made flotation deinking more attrac-
11 
in recent years. Chemicals used in flotation are about the same as 
used in the washing system except for the addition of a collector. 
In addition to the two main systems, flotation and washing, several 
other system such as the Riverside Polysolv process, combination flotation 
and washing systems, and experimental types like ultrasonic deinking, deink-
ing by absorption of contaminates on hydrophobic particulate solid, and other 
f 1 d · k" b d · d . k " (4,11,13) types o so vent e1n 1ng can e use 1n a e1n 1ng process. 
The main obstacle to recycling has been the incomplete removal of 
thermoplastics and pressure sensitive material by deinking practices. Now a 
method exists for removing ink with hydrophobic solid particles, dispersed in 
a pulp . ( 7) suspension. The major advantage of this system is that stock 
consistencies of 3% or more can be used and the presence of substantial 
amounts of contaminates doesn't affect the process. The key process para-
meters are particle size of ink-collecting solids and chemicals used to 
remove contaminates from the paper fibers. The techniques for removal of the 
collecting solids from the fiber depends on the characteristics of the solid. 
Screens, flotation, centricleaners, and magnetic separators have been used. 
Ultrasonically-induced cavitation can disperse the high gloss printed or 
overprint varnished ink films without the use of chemicals, so they can be 
removed from the pulp slurry by screening or cen~rifugal cleaning, and won't 
show up in pulp as unsightly dark or colored flakes. (1 3 ) The high power 
consumption of this process can be compensated for by a savings in chemical 
cost, pumping and refining energy. The main parameter in ultrasonic deinking 
was blade to orfice distance. All others had little or no effect on the 




The procedure in this experiment consists of five stages, a solvent 
extraction stage, a deinking stage, a side hill washing stage, a flotation 
stage, and an evaluation of the recycled fibers. These stages were run on 
three different types of papers, with a duplicate run to see if the final 
results could be reproduced. The three types of papers recycled are shown on 
Table I. A reference sample was obtained by running a base stock sample 
through the who le procedure. This procedure was run on the printed only 
sample, and a printed and waxed sample of each type of paper. Reasons for 
this were to see what effect, if any, the solvent extraction had on the waxes 
and different kinds of inks used. 
One inch squares were cut out of the paper samples to simulate a 
shredding effect. Measurements of the squares weren't exactly one inch, but 
were approximately that dimension. 
Solvent Extraction Stage 
1. Load 1" squares of each sample into cooking vessel. Forty-six and one 
half grams of oven dried fiber was used, accoun.ting for moisture and wax. 
Seven percent moisture was the amount of each sample. 
2. 800 mls of trichloroethylene was added to each bomb, giving a consis-
tency of about 5.8%. 
3. Cap and seal vessels, and load into the oil bath, that was preheated to 
0 0 a temperature of 190 F (88 C). Allow ten minutes for bombs and contents to 
reach temperature, then cook for thirty more minutes. 
4. Remove the bombs and place in water bath to cool for five minutes. 






Butter Wrap · 
Ice Cream 
TABLE I 




































5. Repeat steps three and four except, after cooling, empty contents of 
bomb into a gallon paint can, seal, and shake fifteen minutes. 
6. Let paper air dry overnight. After drying paper squares are ready for 
· the deinking stage. 
Deinking Stage 
1. Add 1550 ml of tap water to a one gallon using stainless steel blender. 
Then add 4% sodium silicate (18.6g) based on paper and heat to a temperature 
of 170°F (76.7°C) with direct steam. 
2. Add 2% sodium hydroxide (9.3g) based on paper to the water, along with 
.5% sodium oleate (.23g) based on paper used as surfactant. 
3. Add one of the samples of paper squares to the blender and blend for 
three minutes. The blender was set on low with the rheostat at 40. The 
consistency was about 3.0% 
4. Check pH and adjust to 11.5, if needed, with alum of sodium hydroxide. 
5. Let soak for an hour, then blend again for three minutes with same 
blender setting as before. Temperature may drop some at this time. 
Side Hill Screening 
1. Empty blender into sidehill screen tank and dilute to 0.5% consistency. 
Try and keep temperature at 30°C (86°F), and adjust pH at 11 with sodium 
hydroxide if needed. 
2. Dump slurry slowly over sidehill screen 80 mesh. Set the angle of the 
screen to 45°. 
3. Dilute with water and repeat step two. 
Flotation 
1. Add screened slurry to flotation cell and fill with water to a volume of 
15 liters. 
2. Check pH and adjust to 11 with sodium hydroxide. 
ture at 30°C (86°F). 
15 
Try to keep tempera-
3. Start cell and add no. 2 fuel oil as a defoamer if too much froth 
exists. Add sodium oleate if not enough froth is present. 
sparingly and wait 5 minutes to take effect. 
4. Run for 30 minutes. 
5. Make handsheets and collect rest of stock on Buchner funnel. 
Evaluation 
Add either 
Evaluation of the effecienty of this process is the last stage of the 
procedure. This is done by making Noble & Wood handsheets out of the samples 
of stock from the flotation cell. The sheets were dried at 2S0°F and pressed 
out at approximately 1.2 kg/linear inch, and repeated two more times. 
Brightness readings were taken with the Elrepho brightness meter on the base 
stock, printed only, and printed and waxed samples of each type of paper. 
Each side of the handsheets were tested. Comparison of these handsheets 
should give an indication of the effect of this process on the different 
types of samples, and the different types of paper. 
Dirt counts were taken on each side of the different samples to give an 
indication of the washability of the inks left in the sample. Comparison of 
the counts on each type of paper should give an idea of the effectiveness of 
this process on the different type of printing inks. 
Yields and ash were taken to get an idea ~f how much effect the loss of 
filler in the flotation and sidehill screening stages had on the drop in 
yield due to this filler loss. Yield is based on original paper without wax. 
Averages of these test were obtained from the 10 brightness readings on 
·each sample, three ash test on each type of paper, and the three dirt counts 
on each sample. Yields were obtained by weighing the oven dried samples and 
16 
handsheets of each sample, then averaging the samples from each type of paper 
together. More explanation is given on data sheets in appendix. 
The dirt count was done by counting the dirt spots in a 10 sq cm area 
for clean handsheets, 1 sq cm for dirty handsheet then comparing to a chart 
contained TAPPI No. T213 and calculating the area of ink coverage in sq mm. 
By converting this to sq mm/1m2 gives part per million (ppm). 
EQUIPMENT: 
Elrepho Brightness meter 
Cooking bombs (Cameo) 
Paint shaker 
1 gal. paint can 
Distillation apparatus 
500 ml graduated cylinder 
Side hill washer 
1 gal. stainless steel blender 










Balance beam scales 
Oil bath (Ucon 50 - HB - 280X) 
2 Rheostats 
Defoamer (No. 2 fuel oil) 
All equipment and materials can be found at one of three places: 
1. Brown Company lab 
2. Western Michigan University 
17 
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RESULTS AND CONCLUSIONS 
The results of this experiment are shown clearly on the graphs contained 
in this section. 
and articles. 
The results corroborate with the findings of other reports 
Figure 1 shows that the base stock containing the most ash was the 
brightest. Ash consists of wood ash, filler, and coating minerals found on 
or within the , sheet. The control base stock brightness for fiber was 
determined by evaluating a sample of the butter wrapper because it contains 
essentially no filler and is uncoated. 
The brightness of the ice cream carton base stock was 83. 4 compared to 
the 80.1 of the butter wrapper. This increase was accompanied by an increase 
in ash, just as the brightness of the Duncan Hines base stock increased with 
an even larger increase in ash. Brightness differences between the three 
different types of base stock wasn't as great after deinking as before 
deinking indicating that a coating was added. 
examination of papers used in the experiment. 
This is shown to be true by 
Results depicted by Figure 1 show nearly the same brightness for the 
"printed only samples" and "the base stock samples". In the case of the ice 
cream carton "printed only sample" the brightness was even higher than the 
base stock sample that was deinked. The brightness of the printed and waxed 
samples were lower than the printed only samples. Thus, supporting the idea 
that the wax had an effect on brightness even though it was removed. The 
chart below shows the most important results. It shows that the specks 
contained in the printed only samples are much · smaller than those contained 
in the printed and waxed samples even though the waxed was removed before 
deinking. This would indicate that the process of applying the wax made the 
Printed Only 
Printed and Waxed 











inks harder to remove than the wax itself. Another reason could be that some 
residual wax was left on the fibers causing an attraction of the ink 
particles. This could be determined by measuring the contact angle, but it's 
doubtful that it could be done quanitatively. 
Figure 2 shows that the overall process added specks to the stock. This 
is shown by an increase in the amount of specks in the base stock handsheets 
made after deinking compared to the number of specks in the original base 
stock before deinking. This can be attributed to the side hill screening 
stage because slivers of wood can be found in the handsheets. Furthermore, 
the screens used to form the handsheet became dirty or were already dirty. 
However, this amount is small compared to the specs in the printed waxed 
samples. 
Varying degrees of difficulty were encountered while trying to remove 
the different types of ink. 
idea. 
Once again, Figure 2 verifies or supports this 
The high dirt count of the samples printed with gravure ink indicates 
these inks are the hardest to remove. A gloss varnish was placed on the 
gravure ink after it was printed. Gloss varnished that are chemically cross 
linked produce additional difficulty during the deinking process. Some 
gravure inks are polymerized which also increases the difficulty of deinking. 
Flexographic inks are similar to gravure inks making them also difficult 
20 
to remove. Ink coverage played an important role in the results obtained on 
the butter wrapper speck analysis, because it was 40% covered and had only 
one color. 
Lithographic ink seemed to be the easiest to remove with this type of 
process because after the solvent extraction stage all the ink was removed 
except for a slight purple tinge. Removal of the gravure and flexographic 
ink in the extraction stage was slight. 
seemed to be loosened slightly. 
However, the vehicle of the ink 
Yields are shown in the appendix along with all other data. Figure 3 
shows the effects of ash on yield. Results show that the more ash, the 
greater the loss in yield to a certain level. It also becomes apparent that 
as the ash increases so did the specks present in the sample handsheet. 
Thus, leading me to believe that fillers or coating pigments retained greater 
quantities of ink than did the fibers. 
All yields were based on no wax yields. Duplicate or reproducibility 
runs were run on printed, waxed samples of all three types of paper. Figure 
3 compares types of paper used. 
In conclusion, this particular type of deinking method can be used on 
all paper printed by the lithographic process. A variety of other papers may 
be de inked us i:ng the process out 1 ined in this report. However, for best 
results, they should not have any gloss varnish, or more than 50% ink 
coverage, and they should have little or no coating or filler minerals if 
·gravure or flexographic inks are used. 
Samples for each type of paper, before and after deinking, are included 
in the appendix for visual comparison. Printed only samples before deinking 
aren't included because they look the same as the printed and waxed samples. 
-















Base Stock BPfrwP nPinkin o ..... 
a 
t --- --- - --····-··8 I~ 
0 I 1 -.J Base Stock After Deinking Ill ro C :r ::l 
t;d (") 
bJ O j)J -.J 
It) >< ::l Printed Only ,~ H\ 
0 ~:r: 0:> 
'1 '1 .... 
It) j)J ::l 
If "O ro Printed and Waxed t:, "O C/) 
(l) ro °' .... '1 -.J ::, C/) 




;;--!! I Base Stock Before Deinking I~ 
0:> -,0 HI Base Stock After Deinking~ 




0:> ro 0l ro 
H\ '1 
0 rt (') 
'1 0 '1 
It> ::, ro 









I Reproducibility Run I~· 
0:> I Base Stock Before De inking ] 
1----:::-------------------------- -.J l Base Stock After Deinking I'? 
(l) 
Z'1 
0 1-.J Printed Only -.J ~--------~--------------J• 




I Printed a nd Waxe d \ 
-.J 
l-1---R-e_p_r_o_d_u_c _ -i b_i_l_i_t_y __ R_u_n _____ 'lt 




()Q "rj ro ,... 
()Q 
t;dC 











t-' • rt ..... 0 {/I 
()\ 0 ::s . w 
V, V, 0 ........ 
0 V, 0 'O 







Base Stock Before Deinking lo 
.... ;,;- t:l 
::S ct> C 
' rt ::s Base Stock After De inking,~ 
,.... t,:j n 
::s O 0J 
OQ X ::S 
'1:l ::r! 
Ii Ii .... 
0 0J ::s , n ' 'Cl ct> 




-- Ii :--t t--t• -· :, 
(/1 
-, rt H 
:r ,... o n 
)::SQ.let> 
0 OQ Ii 
1 rt 0 
II '1:l O Ii 
:,11:::,ro 
:1'Otll0J 









::, 0J t,:j 
00 'Cl C 
'Cl rt 
"C ct> rt 
11 11 ro 






I Printed Only w V, 
V, 
0 
Waxed and Printed 
Reproducibility Run 
Base Stock Before Deinkinglo 
J Base Stock After Deinkingl~ 
] Printed Only Ii 
I Printed and Waxedl~ 
I Reproducibility Run lg 
Base Stock Before D~inkinglo 
Base Stock After DeinkinglS 




0 0 0 
w w w 
0 0 0 
0 0 0 
0 0 0 




































0 5% 10% 
Figure 3 
% Ash vs.% Yield 
Ice Cream Cartons 
Duncan Hines 




I would recomment to further investigate a process of this type would 
involve varying cooking times and tempratures in the extraction stage. 
Investigation of different wetting agents, used in the flotation cell, 
especially hydrophobic types. Different types of screening processes, as 
well as a centrifical cleaning operation, is recomended. Also an in depth 
study of the effect of wax in a typical caustic soda deinking process. This 
could be done by deinking both a printed only sample and also a waxed and 
printed sample and comparing results. 
A further study of the effect of inks on different types of fj llers 
and/or fibers would be to interesting to investigate. My final recommenda-
tion would be investigate the effects of the wax application process on ink 
removal from paper. 
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DATA AND CALCULATIONS 
BRIGHTNESS 
DUNCAN HINES CAKE BOX WRAPPERS 
Base Stock Printed Waxed 
After De inking Only And Printed 
80.8 79.3 77. 7 
80.7 79.6 77.4 
80.9 79.3 77.7 
81.2 79.6 77 .9 
80.7 79.4 77 .4 
80.9 79.4 7?. 7 
80.7 79.4 77.9 
80.8 79.4 77. 6 
80.7 7 9. 6 77. 7 
80.7 79.6 77. 5 
80.7 79.5 77. 7 
ICE CREAM CARTONS 
Base Stock Printed Waxed 
After Deinking Only And Printed 
80.8 82.1 80.9 
80.7 82.0 80.7 
80.9 81.9 80.8 
81.2 82.0 81.1 
80.7 82.0 80.9 
80.9 81.9 81.0 
80.7 82.2 80.2 
80.8 81.8 80.6 
80.7 82.1 80.3 
80.7 81.9 80.8 
80.7 82.0 80.7 
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Base Stock Base Stock Printed Waxed Waxed & Printed 
Before De inking After Deinking Only And Printed Reproducibi 1 ity 
82.8 80.6 78.9 76.4 75.7 
83.4 81.2 79.1 76.7 76.2 
83.6 81.0 78.9 76.4 76.0 
83.4 79.0 79.1 79. 2 75.8 
83.7 79.8 79.4 79.5 75.9 
83. 6 78.8 79.5 79.2 76.3 
·s3. 4 78.9 79.3 76.3 76.2 
83.7 79.4 78.8 76.2 75.9 
83. 4 79.8 78.8 76.5 76.2 
83.2 79.6 78.6 76.6 76.1 
83. 4 79.7 79.0 77 .3 76.0 
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YIELDS 
DUNCAN HINES CAKE BOX WRAPPERS 
Base Stock Printed Waxed Waxed & Printed 
i 
After Deinking Only & Printed Reproducibility Average 
'.'After Deinking 25.9912g 31.5734g 27.2187g 30.5099g 28.8233g 
¼ Total 45.5 g 4.5 ·g 46.5 g 46.5 g 46 . 5 g 
l~ Yield , 55.9 % 67.9 % 58.5 % 6L2 % 62.0 % 
** Wax 13.7 g 13.7 g 
ICE CREAM CARTONS 
Base Stock Printed Waxed Waxed & Printed 
After Deinking Only & Printed Reproducibility Average 
After Deinking 33.3993g 27.1624g 28 . 4550g 29.6550g 29.6679g 
* Total 46.5 g 46.5 g 46.5 g 46.5 g 46.5 g 
2: Yield · 71.8 % 58.4 % 61.2 % 63.8 % 63.8 '" lo 
* Wax 0.5 g 0.5 g 
BUTTER WRAPPERS 
Base Stock Printed Waxed Waxed & Printed 
After Deinkin Onl & Printed Re roducibilit Avera e 
ter Deinking 36.1'+41g 29.9750g 35.4726g 40.1525g 35.3821g 
Total 46.5 g 46.5 g 46.5 g 46.5 g 46.5 g 
Yield 77. 7 "/. 64.4 % 75.9 % 86.3 % 76.1 % 
* Wax 26.2 g 26.2 g 
· *Total is number of grams of Oven Dried solids subtracting out grams of wax 
efore deinking. 
% Yield grams oven dried solids . grams oven dried solids after deinking 
Average = sum of measurements number of measurements 




Type of % Ash % Ash % Ash %.Fiber 
Paper Before After Lost After Lost After 
Deinking Deinking Deinking Deinking 
Duncan Hine 
Cake Box Wrappers 17.1 % 6.2 % 63.4% 30.0% 
Ice Cream 
Cartons 8.5 % 2.4 % 70.4% 32.2% 
Butter Wrappers 0.55% .51% 7.3% 23.1 
Ash calculations were made by taking three samples of base stock 
from each type of paper weighing them in a marked crucible and top of 
know weight, ashing them according to TAPP! Standard ash test, and weigh-
ing again. 
% Ash before deinking 
% Ash after deinking 
% Ash lost after deinking 
total weight - crucible top after 
total weight - crucible top before 
= same as above 
weight of ash after deinking 
weight of ash before deinking X 
X 100. 
100 
Fiber lost after d . k' wt. of . fiber before deinking-wt. of fiber after deinking X lO() 
ein ing wt. of fiber before deinking 
Crucibles and top dried and weighed five times and averag tare weight 
used in calculations. 
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SPECK ANALYSIS 
DUNCAN HINES CAKE BOX WRAPPERS 
Base Stock Base Stock Printed Waxed Waxed & Printed 
Before Deinking After Deinking Only And Printed Reproducibility 
Side 0 116 ppm 6300 ppm 47,200 ppm 42,300 ppm 
Side 0 140 ppm 6800 ppm 53,460 ppm 45,300 ppm 
.ge 0 128 ppm 6550 ppm 50,300 ppm 43,800 ppm 
ICE CREAM CARTONS 
Base Stock Base Stock Printed Waxed Waxed & Printed 
Before Deinking After Deinking Only And Printed Reproducibility 
Side 0 36 ppm 80 ppm 206 ppm 260 ppm 
Side 0 66 ppm 100 ppm 253 ppm 353 ppm 
,ge 0 51 ppm 90 ppm 229 ppm 306 ppm 
BUTTER WRAPPERS 
Base Stock Base Stock Printed Waxed Waxed & Printed 
Before Deinking After Deinking Only And Printed Reproducibility 
Side 0 56 ppm 223 P.P.IB 353 ppm 433 ppm 
Side 0 190 ppm 293 ppm 510 ppm 620 ppm 
tge 0 123 ppm 263 ppm 431 ppm 526 ppm 
Speck analysis was run by taking a 1 cm square (for dirtiest samples) and a 
10 cm square (for cleanest samples), counting the number and comparing the size on 
a TAPPI dirt chart, giving a total number that represents square milliters of space. 
square millimeters 
square centimeters 
X 10,000 square centimeters 
1 square meter 
square millimeters 
square meter 
= part per million = 
square millimeters 
square meter 
Print e d & Wax e d 




ENECTADY, N.Y. 12301 
Printed & Waxed 
Before Deinking 
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® 
rbrand FUDGE ROYALE ICE CREAM 
0 
0 
CHOCOLATE FLAVORED FUOGE, VANILLA AND ARTIFICIAL VANILLA FLAVOR AND COLOR ADDED 
INGREDIENTS: MILKFAT AND NONFAT MILK, CORN SYRUP, SUGAR, BUTTERMILK, WHEY, COCOA 
(PROCESSED WITH ALKALI), MODIFIED FOOD STARCH, CAROB, NATURAL AND ARTIFICIAL VANILLA 
FLAVORS, MONO - AND DIGLYCERIDES, LOCUST BEAN GUM, GUAR GUM, CALCIUM SULFATE, POLYSOR-
BATE 80 AND CARRAGEENAN. 
HAlf GAllON 11.89 llURS) DIST. BY WINN-DIXIE STORES. INC .. GEN. OFF .. JACKSONVILLE. FLA. 32203 MFD. BY SUPERBRAND DAIRY PRODUCTS, INC . GEN. OFF. GREENVILLE. S.C. 29602 (45-54) 
O3OOV HOlOl_ONV HOArn VlllNVA Wl31~11HV ONV VlllNVA •3~on~ 03HOArn 31VlO3OH3 
Ic e Cr e am Carton s 
Ba s e Sto ck 
Be for e De inking 





CREAM Y MILK CHOCOLATE 
FROSTING 
(Frosts two 8-or 9-i nch layers 
or a 13 x 9-inch cake) 
1/4 cup Crisco Shortening 
(or butter or margarine) 
melted 
1/3 cup cocoa 
1/4 teaspoon salt 
1/3 cup milk 
1-1/2 teaspoons vani lla 
3-1/3 cups confectioners 
sugar (si ft if lum py) 
Combine mel ted Crisco, cocoa 
and salt; then add mi lk and 
vanilla . Mix in sugar in 3 
parts. Mix unti l smooth and 
creamy. Add mo re sugar to 
th icken or milk to th in , if 
needed for good spreading 
cons istency. 
AT Al TITUOES OVER 3500 FEET. 
Stir I /3 cup flour into mix. Mix 
as directed using 1-2/3 cups 
water and 2 ens. Bake at 375° 
until done (20 -30 minutes). 
Makes 3 layers ii 8" round pans 
are used, makes 2 layers it 9" 
round pans are used. 
FOR ONE LAYER OR 12 CUP CAKES. 
Use 1/2 package (2 cups) mix, 
3/4 cup water and I egg. Mix 
and bake as directed. 
Address questions to Procter 
& Gamble, Box 599, Cincinnati, 
Ohio 45201 or call this toll -
free number: 1-800-543-7276 
(in Ohio : l-800-582-3945). 
Please include package top 
with all correspondence. 
Made under one or m0re: 
U.S. Patents 3,037,864 ; 
3,254,766; 3,622,345 
Inner package U.S. Patent 
3,098,601 NET WT 18.5 OZ (1 LB 2.5 OZ) 
Printed & Waxed 
Before Deinking 
DELUXE II 
SWiss Choco!ate • 
CAKEMIX :,_,,, 
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